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Resumo2SUHVHQWHWUDEDOKRGHPRQVWUDDOJXPDVDSOLFDo}HVGD(VSHFWURVFRSLDGH5HVVRQkQFLD0DJQpWLFD1XFOHDU
GH3UyWRQ 501 +GHEDL[RFDPSR PpGLDHEDL[D UHVROXomR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GHPLVWXUDVGHFRPEXVWtYHLVIyVVHLVHELRFRPEXVWtYHLVDWUDYpVGDGHWHUPLQDomRGRWHRUGHHWDQROHPJDVROLQD
HELRGLHVHO HPGLHVHO2V UHVXOWDGRVHQFRQWUDGRVGHPRQVWUDPRJUDQGHSRWHQFLDOGHDSOLFDomRGDV WpFQLFDVGH
501+GHEDL[RFDPSRSDUDDGHWHUPLQDomRUiSLGDHin situSDUDDWLYLGDGHVGH¿VFDOL]DomRGHSDUkPHWURVGH
TXDOLGDGHGRVFRPEXVWtYHLVHPSUHJDGRVDWXDOPHQWHQR%UDVLO
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DEVELOPMENT OF SIMPLE AND FAST METHODS FOR QUALITY CONTROL OF FUELS (BLEND OF 
FOSSIL FUELS AND BIOFUELS) USING LOW-FIELD NMR
 
Abstract: 7KHSUHVHQWSDSHUGHPRQVWUDWHVVRPHDSSOLFDWLRQVRI ORZ¿HOG3URWRQ1XFOHDU0DJQHWLF5HVRQDQFH
+105RQ WKH GHWHUPLQDWLRQ RI TXDOLW\ SDUDPHWHUV RI IXHOV VSHFL¿FDOO\ IRU EOHQGV RI IXHOV XVHG LQ%UD]LO
VXFK DV JDVROLQHHWKDQRO DQG GLHVHOELRGLHVHO7KH IRXQG UHVXOWV UHYHDO WKH JUHDW SRWHQWLDO RI WKH ORZ¿HOG H 
105WHFKQLTXHVIRUWKHTXDOLW\FRQWURORIIXHOVXVHGLQ%UD]LOKLJKOLJKWLQJWKHIDVWQHVVDQGSRVVLELOLW\RIin situ 
PHDVXUHPHQWV
Keywords: +105ORZ¿HOGELRIXHOV
1. Introdução
2FRQWtQXRFUHVFLPHQWRGDGHPDQGDPXQGLDOSRUFRPEXVWtYHLVMXQWDPHQWHFRPDDSURYDomRGHUHJXOD-
PHQWDo}HVPDLVUHVWULWLYDVUHIHUHQWHVjTXDOLGDGHGRVFRPEXVWtYHLVYLVDQGRPLQLPL]DURVLPSDFWRVDPELHQWDLV
FDXVDGRVSHODTXHLPDGHFRPEXVWtYHLVIyVVHLVFRUURERUDPFRPDQHFHVVLGDGHGRGHVHQYROYLPHQWRGHQRYDVWHF-
QRORJLDVDQDOtWLFDVDSOLFiYHLVDRVFRPEXVWtYHLVGHULYDGRVGRSHWUyOHREHPFRPRSDUDDQRYDPDWUL]HQHUJpWLFDGRV
ELRFRPEXVWtYHLVTXHHVWiHPIUDQFDH[SDQVmRQR%UDVLO0,/$==2HWDOIRUWHPHQWHDFHOHUDGDQD~OWLPD
GpFDGD'HQWURGHVVHPHUFDGRRELRGLHVHOSURGX]LGRDWUDYpVGHyOHRVYHJHWDLVMXQWDPHQWHFRPRHWDQROVmRRV
GRLVFRPEXVWtYHLVPXQGLDOPHQWHPDLVXWLOL]DGRVFRPRDGLWLYRVRXFRPRVXEVWLWXLQWHVDRVFRPEXVWtYHLVIyVVHLV
GHULYDGRVGRSHWUyOHR
2%UDVLO SRU VHU XP GRV OtGHUHVPXQGLDLV QD SURGXomR GH ELRFRPEXVWtYHLV QHFHVVLWD IRUWHPHQWH GR
GHVHQYROYLPHQWRGHQRYDVWpFQLFDVHPpWRGRVDQDOtWLFRVTXHDFRPSDQKHPRFUHVFLPHQWRGRVHWRU$OpPGLVVR
RVSDtVHVGHVHQYROYLGRVSRUQmRSRVVXtUHPXPDSURGXomRVLJQL¿FDWLYDGHVWHWLSRGHFRPEXVWtYHLVQDVXDPDWUL]
HQHUJpWLFDHPSUHHQGHUmRSRXFRVHVIRUoRVQRGHVHQYROYLPHQWRGHLQVWUXPHQWDomRDQDOtWLFDGHGLFDGDDRVHWRUGH
ELRFRPEXVWtYHLVeLPSRUWDQWHTXHRFRUUDXPDYDQoRWHFQROyJLFRQDiUHDGHGHVHQYROYLPHQWRGHPpWRGRVDQDOtWL-
FRVYLVDQGRDWHQGHUDUHDOLGDGHQDFLRQDOGRVLQVXPRVDTXLXWLOL]DGRVHGRVVHXVSURGXWRVHPLVWXUDVTXHHPPXLWRV
FDVRVDSUHVHQWDPSHFXOLDULGDGHVQmRREVHUYDGDVHPRXWURVSDtVHV(VWHGHVHQYROYLPHQWRGHYHWUD]HUEHQHItFLRV
GLUHWRVSDUDDVRFLHGDGHXPDYH]TXHGHYHFRQWULEXLUSDUDDVPHOKRULDVQDViUHDVGHSURGXomRGHWHUPLQDomRGH
SDUkPHWURVGHTXDOLGDGHH¿VFDOL]DomRWRUQDQGRDLQG~VWULDQDFLRQDOPDLVFRPSHWLWLYDSURWHJHQGRRVFRQVXPLGR-
UHVHRVFRIUHVS~EOLFRVHUHGX]LQGRRVLPSDFWRVDPELHQWDLV
1HVVHVHQWLGRRSUHVHQWHWUDEDOKRGHPRQVWUDRSRWHQFLDOGHDSOLFDomRGDHVSHFWURVFRSLDGH501GHEDL-
[RFDPSRSDUDDGHWHUPLQDomRGHDOJXQVSDUkPHWURVGHTXDOLGDGHGHJDVROLQDHGLHVHODWUDYpVGDGHWHUPLQDomRGR
WHRUGHHWDQROHPJDVROLQDHELRGLHVHOHPGLHVHO
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(VSHFWURVFRSLDGHUHVVRQkQFLDPDJQpWLFDQXFOHDUGHEDL[RFDPSR
2WHUPR(VSHFWURVFRSLDGH5HVVRQkQFLD0DJQpWLFD1XFOHDUGH%DL[R&DPSRpXWLOL]DGRSDUDFODVVL¿FDUD
XWLOL]DomRGD(VSHFWURVFRSLDGH501 FRPFDPSRVPDJQpWLFRVLQIHULRUHVD7RTXHFRUUHVSRQGHDXPDIUHTXrQ-
FLDGHUHVVRQkQFLDGHLarmor para o +LJXDOD0+]'HQWURGDGH¿QLomRGHHVSHFWURVFRSLDGH501 GH%DL[R
&DPSRH[LVWHDLQGDDVXEGLYLVmRHQWUH(VSHFWURVFRSLDQR'RPtQLRGR7HPSR'7105GRLQJOrVTime-Domain 
Nuclear Magnetic ResonanceTXHFRPSUHHQGHDIDL[DGHD0+]SDUDDIUHTXrQFLDGHUHVVRQkQFLDGRSUyWRQ
H(VSHFWURVFRSLDGH0pGLD5HVROXomR05105GRLQJOrVMedium-Resolution Nuclear Magnetic Resonance
TXHFRPSUHHQGHDIDL[DGHD0+]SDUDDIUHTXrQFLDGHUHVVRQkQFLDGRSUyWRQ'$/,7=HWDO
$VDSOLFDo}HVWtSLFDVGD(VSHFWURVFRSLDQR'RPtQLRGR7HPSRVmRD5HOD[RPHWULDH'LIXVRPHWULDTXH
UHTXHUHPPXLWRPHQRVKRPRJHQHLGDGHGRFDPSRPDJQpWLFR%HEDL[RFXVWRGHDTXLVLomRGDLQVWUXPHQWDomRQHFHVViULDQRGHVHQYROYLPHQWRGDWpFQLFD
'LIHUHQWHPHQWHD(VSHFWURVFRSLDGH0pGLD5HVROXomRpXVXDOPHQWHHPSUHJDGDQRPRQLWRUDPHQWRGH
SURFHVVRVRQGHYDQWDJHQVGDWpFQLFDGH'7105 FRPRUREXVWH]UDSLGH]HEDL[RFXVWRVmRFRPELQDGDVFRPDV
GDWpFQLFDGH501 GH$OWR&DPSRWDPEpPFRQKHFLGDFRPR501 GH$OWD5HVROXomRFRPRDOWDKRPRJHQHLGDGH
GRFDPSRPDJQpWLFR%RTXHSHUPLWHVHXHPSUHJRWDPEpPHPHVWXGRVHVWUXWXUDLV
2. Materiais e Métodos
 
$VDPRVWUDVGHJDVROLQDFRPGLIHUHQWHWHRUHVGHiOFRROIRUDPSUHSDUDGDVDSDUWLUGHXPDDPRVWUDGHJDVR-
OLQD$IRUQHFLGDSHODUH¿QDULD5(3/$1DSDUWLUGDDGLomRGHGLIHUHQWHVTXDQWLGDGHVGHHWDQRODQLGURJUDX3$
$VDPRVWUDVGHGLHVHOELRGLHVHOFRPGLIHUHQWHWHRUHVGHELRGLHVHOIRUDPSUHSDUDGDVDSDUWLUGHXPDDPRV-
WUDGHGLHVHOPLQHUDOIRUQHFLGDSHODUH¿QDULD5(3/$1DSDUWLUGDDGLomRGHGLIHUHQWHVTXDQWLGDGHVGHELRGLHVHO
GHVRMDWDQWRSDUDpVWHUHVHWtOLFRVFRPRPHWtOLFRV
3DUDDVPHGLGDVGH05501+IRLHPSUHJDGRXPHVSHFWU{PHWURGH501GHEDQFDGDSpinsolve0D-
JULWHN*PE+FRPFDPSRPDJQpWLFRGH70+]SDUDDIUHTXrQFLDGH/DUPRUGR+HKRPRJHQHLGDGHGR
FDPSRPDJQpWLFRPHOKRUTXHSSPSDUDDUHJLmRGDDPRVWUD
3DUDDVPHGLGDVGH'7105+IRLXWLOL]DGRXPVHQVRUPDJQpWLFRXQLODWHUDOFRQVWUXtGRFRPSHoDVGH
1G)H%FRPRGHVFULWRHP&$%(d$HWDO3DUDRFRQWUROHGRVHQVRUIRLXWLOL]DGRXPFRQVROHCAT-1007H-
FPDJXPDPSOL¿FDGRUGHSRWrQFLD3205 AMTHHPSUpDPSOL¿FDGRUMiteq AU 1114$IUHTXrQFLDGHUHVVRQkQFLD
HPSUHJDGDQDVPHGLGDVIRLGH0+]$VDQiOLVHVIRUDPUHDOL]DGDVFRPXPDVHTXrQFLDGHSXOVRV&30*HP-
SUHJDQGRODUJXUDVGHSXOVRGH+Vo +VWHPSRGHDTXLVLomRGH+VHFRVWHPSRGHUHFLFODJHPGH
VHVFDQV
3. Resultados e Discussão
3.1. Determinação do teor de álcool em amostras de gasolina
$GHWHUPLQDomRGRWHRUGHiOFRROHWtOLFRDQLGURSUHVHQWHHPDPRVWUDVGHJDVROLQDIRUDPUHDOL]DGDVHPSUH-
JDQGRRHVSHFWU{PHWURGH501GHEDQFDGDHWDPEpPRVHQVRUPDJQpWLFRXQLODWHUDOSDUDPHGLGDVGH'7105
$)LJXUDPRVWUDDOJXQVHVSHFWURVGH05501+REWLGRVSDUDGLIHUHQWHVDPRVWUDVGHJDVROLQDHPSUH-
JDGDVQDFRQVWUXomRGDFXUYDGHFDOLEUDomR$VGHWHUPLQDo}HVIRUDPUHDOL]DGDVGLUHWDPHQWHHPSUHJDQGRRYDORU
GDiUHDVREUHRSLFRGRVSUyWRQVHWLOrQLFRVGRiOFRROGLYLGLGRSHODiUHDWRWDOGRHVSHFWUR
)LJXUD(VSHFWURVGH05501+GHGLIHUHQWHVDPRVWUDVGHJDVROLQDFRQWHQGRGLIHUHQWHVWHRUHVGH
iOFRROHWtOLFR
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3DUDDFRQVWUXomRGHXPDFXUYDGHFDOLEUDomRSDUDDGHWHUPLQDomRGRVWHRUHVGHiOFRROHWtOLFRHPJDVROL-
QDHPSUHJDQGRDVPHGLGDVGH'7105IRUDPXWLOL]DGRVRVYDORUHVGH7REWLGRVSHODDSOLFDomRGDVVHTXrQFLDV
&30*jVDPRVWUDVGHJDVROLQDSRVLFLRQDGDVVRERVHQVRUPDJQpWLFR$)LJXUDPRVWUDRVGRLV LQVWUXPHQWRV
HPSUHJDGRVQDGHWHUPLQDomRGRWHRUGHiOFRROHPJDVROLQDXWLOL]DGRVQHVWHHVWXGR
$PEDVDVFXUYDVGHFDOLEUDomR HPSUHJDQGR05501 +H7'501 +DSUHVHQWDUDPFRH¿FLHQWHV
GHFRUUHODomR5PDLRUHVTXHSDUDDIDL[DGHFRQFHQWUDomRGHiOFRROHVWXGDGDD99$SHVDUGR
HVSHFWU{PHWURGHEDQFDGDSpinsolveDSUHVHQWDUXPWHPSRGHPHGLGDPHQRUTXHRVHQVRUPDJQpWLFRXQLODWHUDO
PLQXWRHPLQXWRVUHVSHFWLYDPHQWHRVHQVRUPDJQpWLFRXQLODWHUDOPRVWUDVHPDLVDSURSULDGRSDUDPHGLGDVGH
¿VFDOL]DomRin situXPDYH]TXHVXDVGLPHQV}HVVmREDVWDQWHUHGX]LGDVFP[FP[FPHTXHRVHQVRU
GLVSHQVDDQHFHVVLGDGHGHSRUWDDPRVWUDVHVSHFLDLVFRPRWXERVGHYLGURXPDYH]TXHDPHGLGDpUHDOL]DGDDSHQDV
FRPRFRQWDWRGRVHQVRUFRPRUHFLSLHQWHTXHFRQWpPDDPRVWUDDOpPGHDSUHVHQWDUXPFXVWRLQ~PHUDVYH]HV
PHQRU
)LJXUD,QVWUXPHQWRVHPSUHJDGRVSDUDDDTXLVLomRGRVHVSHFWURVGH501+RQGHD HVSHFWU{PHWUR
GHEDQFDGD6SLQVROYHHEVHQVRUPDJQpWLFRXQLODWHUDO
'HWHUPLQDomRGRWHRUGHELRGLHVHOHPGLHVHO
2HVSHFWU{PHWURGH501GHEDQFDGDIRLWDPEpPHPSUHJDGRSDUDDGHWHUPLQDomRUiSLGDGRWHRUGHELR-
GLHVHOHPGLHVHO3DUDLVVRXPDFXUYDGHFDOLEUDomRHPSUHJDQGRDLQWHJUDOGRVSUyWRQVPHWR[tOLFRVGRELRGLHVHO
IRLFRQVWUXtGDQDIDL[DGHD99GHELRGLHVHOHPGLHVHO2FRH¿FLHQWHGHFRUUHODomR5GHWHUPLQDGR
SDUDDFXUYDFRQVWUXtGDIRLPDLRUTXHRTXHLQGLFDRJUDQGHSRWHQFLDOGHDSOLFDomRGRPpWRGRSDUDDPHGLGD
UiSLGDGRWHRUGHELRGLHVHOHPGLHVHO
$OpPGDGHWHUPLQDomRUiSLGDGRWHRUGHELRGLHVHOHPGLHVHORHPSUHJRGRHVSHFWU{PHWURGHEDQFDGD
SpinsolveSRVVLELOLWDGHYLGRjDOWDUHVROXomRHVSHFWUDODGLVFULPLQDomRUiSLGDHQWUHpVWHUHVPHWtOLFRVHHWtOLFRVTXH
SRGHPVHUDGLFLRQDGRVDRGLHVHORTXHpGHH[WUHPDLPSRUWkQFLDSULQFLSDOPHQWHQR%UDVLORQGHDGLVSRQLELOLGDGH
GHHWDQROSDUDDSURGXomRGHELRGLHVHOpPDLRU$)LJXUDPRVWUDFLQFRHVSHFWURVGHGLHVHOFRQWHQGRGLIHUHQWHV
WHRUHVGHpVWHUHVHWtOLFRVHPHWtOLFRVGHiFLGRVJUD[RVRQGHpQRWyULDDGLVWLQomRHQWUHRVGRLVGLIHUHQWHVWLSRVGH
ELRGLHVHOSRVVLELOLWDGDSHODLGHQWL¿FDomRGRVVLQDLVGRVSUyWRQVPHWR[tOLFRVSUHVHQWHVDSHQDVHPpVWHUHVPHWtOLFRV
HSUyWRQVHWR[tOLFRVSUHVHQWHVDSHQDVHPpVWHUHVHWtOLFRV
 4. Conclusões
2WUDEDOKRGHVHQYROYLGRGHPRQVWUDRJUDQGHSRWHQFLDOGHDSOLFDomRGDVWpFQLFDVGH5HVVRQkQFLD0DJQp-
WLFD1XFOHDUGHEDL[RFDPSRQDGHWHUPLQDomRGHiOFRROHPJDVROLQDHELRGLHVHOHPGLHVHOTXHVmRGRLVSDUkPH-
WURVGHTXDOLGDGHLPSRUWDQWHVSDUDRPRQLWRUDPHQWRGDTXDOLGDGHGHFRPEXVWtYHLVHPSUHJDGRVQR%UDVLO$VGHWHU-
PLQDo}HVSDUDDPEDVDVWpFQLFDVVmRUiSLGDVHGLVSHQVDPRSUpWUDWDPHQWRGDVDPRVWUDVDOpPGHQmRXWLOL]DUHP
VROYHQWHVGHXWHUDGRVSDUDVXDDSOLFDomRRTXHpFRPXPQDXWLOL]DomRGDHVSHFWURVFRSLDGH501
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!)LJXUD(VSHFWURGH05501+GHEDL[RFDPSRDGTXLULGRGHXPDDPRVWUDGHGLHVHO%SDUDpVWHUHVPHWtOLFRVH%SDUDpVWHUHVHWtOLFRV2JUi¿FRLQVHULGRGHVWDFDRVSUyWRQVPHWR[tOLFRVHPSSPGRVpVWHUHV
PHWtOLFRVHSUyWRQVHWR[tOLFRVHPSSPGRVpVWHUHVHWtOLFRV
&RPRHWDSDIXWXUDQRGHVHQYROYLPHQWRGRWUDEDOKRSUHWHQGHVHDYDOLDUDVWpFQLFDVDTXLGHPRVWUDGDVQD
GHWHUPLQDomRGRWHRUGHiOFRROHWtOLFRHPJDVROLQDHELRGLHVHOHPGLHVHOSDUDDPRVWUDVFRPHUFLDLVFROHWDGDVHP
GLIHUHQWHVUHJL}HVGR%UDVLO
'HYHVHVDOLHQWDUTXHRVHQVRUXQLODWHUDODSUHVHQWDXPJUDQGHSRWHQFLDOSDUDPHGLGDVin situRTXHYLD-
ELOL]DVXDDSOLFDomRHPLQVSHo}HVGH¿VFDOL]DomRGLUHWDPHQWHQRVSRVWRVUHYHQGHGRUHVGHJDVROLQDDOpPGHDSUH-
VHQWDUXPFXVWRLQVWUXPHQWDODOJXPDVYH]HVPHQRUHVTXDQGRFRPSDUDGRDRHVSHFWU{PHWURGHPpGLDUHVROXomR
2XWUDYLUWXGHQDXWLOL]DomRGRHVSHFWU{PHWURGHEDQFDGDpDSRVVLELOLGDGHGHGLVFULPLQDomRHQWUHpVWHUHV
PHWtOLFRVHHWtOLFRVGHELRGLHVHOSUHVHQWHVQRGLHVHORTXHQmRpIDFLOPHQWHUHDOL]DGRSHODWpFQLFDDQDOtWLFDGHUHIH-
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